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(57) Abstract: In accordance with the present invention, an adaptive cruise control system includes a radio frequency (RF) transmit 
receive (TR) sensor module (or more simply "sensor") disposed such that a detection zone is deployed in front of a vehicle. The 
sensor includes a sensor antenna system which comprises a transmit antenna for emitting or transmitting an RF signal and a receive 
antenna for receiving portions of the transmitted RF signal which are intercepted by one or more objects within a field of view of 
the transmit antenna and reflected back toward the receive antenna. 
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SAFE DISTANCE ALGORITHM FOR ADAPTIVE CRUISE CONTROL 

BACKGROUND OF THE INVENTION 

One option that is popular with motor vehicles is cruise control. Cruise control allows 
an operator of a motor vehicle to set a predetermined speed for the vehicle, and maintains the 
vehicle at that speed imtil either the cruise control is turned off, or the brakes are applied. 

A motor vehicle typically has a speed sensor mounted on an output shaft of a 
transmission. The speed sensor provides a series of pulses to a computer. When a vehicle's 
speed increases the frequency of the pulses will also increase. There is a concomitant decrease 
in the frequency of the pulses from the speed sensor when the speed of the vehicle decreases. 
For a given vehicle speed, there is a correlated frequency of the pidse stream from the speed 
sensor. The cruise control attempts to maintain the pulse frequency of the desired speed by 
regulating the accelerator of the vehicle. 

The cruise control stores the speed of the vehicle when the cruise control is set to the 
desired speed. The cruise control receives the pulse stream from the speed sensor and compares 
the frequency of the pulse stream to the frequency value of the set speed. The cruise control, in 
response to a difference between the pulse stream from the sensor and the stored set value 
operates a vacuum controlled diaphragm that is coupled to the accelerator linkage. The 
accelerator is controlled in order to maintain the pulse stream from the speed sensor as close to 
the stored value as possible. 

It is common for a vehicle operator to use cruise control to maintain a constant speed on 
a highway. In the event another operator makes a lane change into the path of the vehicle or the 
vehicle comes upon a slower driver the operator is required to disable the cruise control, typically 
by stepping on the brake. A problem occurs when the operator is slow to react to the other 
vehicle and fails to disable the cruise control in time. 

In view of the dangers associated with automobile travel, there is an ongoing need for 
enhanced automobile driver aides. One possible area of increased driver aides involves detection 
of objects in front of a vehicle. As the vehicle approaches objects (e.g. other vehicles, 
pedestrians and obstacles) or as objects approach the vehicle a driver cannot always detect the 
object and perform intervention actions necessary to avoiding a collision with the object. 

To enhance the safety of trucks, for example, sensor systems or more simply "sensors" 
for detecting objects aroxmd a truck have been suggested. Such sensors typically include an 
optical or infrared (IR) detector for detecting obstacles in the path of the vehicle. 
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In such an application, it is necessary to provide a sensor capable of accurately and 
reliability detecting objects in the path of the vehicle. 

Radar is a suitable technology for implementing a sensor for use in vehicles such as 
automobiles and trucks. One type of radar suitable for this purpose is Frequency Modulated 
Continuous Wave (FMC W) radar. Ih typical FMC W radar, the frequency of the transmitted C W 
signal linearly increases from a first predetermined frequency to a second predetermined 
frequency. FMCW radar has the advantages of high sensitivity, relatively low transmitter power 
and good range resolution. 

Because sensors disposed on vehicles are consumer products that may affect the safety 
of vehicles, the accuracy and reliability of the sensors are tantamount. Aspects of the sensors 
which contribute to its accuracy and reliability include its susceptibility to noise and the overall 
precision with which received radio frequency (RF) signals are processed to detect objects within 
the field of view of the sensor. Susceptibility to noise for example can cause false detections and, 
even more deleteriously, cause an object to go undetected. 

Further significant attributes of the sensors are related to its physical size and form factor. 
Preferabty, the sensor is housed in a relatively small enclosure or housing mountable behind a 
surface of the vehicle. For accuracy and reliability, it is imperative that the transmit antenna and 
receive antenna and circuitry of the sensor are unaffected by attributes of the vehicle (e.g. the 
vehicle grill, bumper or the like) and that the sensors are mounted to the vehicle in a predictable 
alignment. 

It would, therefore, be desirable to provide a sensor system which is capable of detecting 
the presence of objects in front of a vehicle and ftirftier to detect the speed of these objects. Once 
this information is obtained the speed of the vehicle can be adjusted to maintain a safe trailing 
distance behind an object located in front of the vehicle. 

BRIEF SUMMARY OF THE INVENTION 
In accordance with the present invention, a detection system is utilized to control the 
speed of a vehicle, known as Adaptive Cruise Control. The system includes a radio frequency 
(RF) transmit receive (TR) sensor module (or more simply "sensor") disposed such that a 
detection zone is deployed in front of a vehicle. The sensor includes a sensor antenna system 
which comprises a transmit antenna for emitting or transmitting an RF signal and a receive 
antenna for receiving portions of the transmitted RF signal which are intercepted by one or more 
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objects Avithin a field of view of the transmit antenna and reflected back toward the receive 
antenna. A signal antenna can be used for both the transmitting and receiving. 

With this particular arrangement, a detection system that detects objects in a region about 
a front of a vehicle is provided. If the system determines lhat the vehicle is approaching an object 
5 or that an object is approaching the vehicle, then the sensor initiates steps that are carried out in 
accordance with a set of rules that control the speed of the vehicle. The speed of the vehicle is 
adjusted to maintain a safe trailing distance behind the detected object, thereby providing an 
adaptive cruise control function to the vehicle. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of this invention, as well as the invention itself, may be more fully 
understood from the following description of the drawings in which: 

Figure 1 is a diagram showing a lead vehicle and a trailing vehicle equipped with the 
present invention; 
1 5 Figure 2 is a flow chart of the presently disclosed method; 

Figure 3 is a diagram of vehicle equipped witla a near object detection (NOD) system 
including the forward looking remote sensor (FLRS) present invention; and 

Figure 4 is a block diagram of the FLRS of Figure 3 that includes the present invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Referring now to Figure 1, a vehicle 10 is shown having a zone of coverage 20 for 
performing adaptive cruise control. Vehicle 10 is shown as an automobile, however the presently 
disclosed invention could be used with any other type of vehicle such as a motorcycle, truck, 
aircraft, marine vehicle, agricultural vehicle or the like. 

2 5 The adaptive cruise control zone of coverage 20 is provided by a forward looking sensor 

25 described in U.S. Patent No. 5,929,802 assigned to the assignee of the present invention and 
incorporated herein by reference. The forward-looking sensor is part of an RF detection system 
that utilizes an antenna system that provides multiple beams in the coverage zone, hi this 
manner, the particular direction in which another object approaching the vehicle or vice-versa 

3 0 can be found. In one particular embodiment, the sensor utilizes an antenna system that includes 

eight separate antenna beams. Therefore, the RF system can operate in a manner similar to that 
described in the above-referenced Patent No. 5,929,802. 
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The sensor utilizes Frequency Modulated Continuous Wave radar which transmits a linear 
FM signal which is reflected from objects within the radar's zone of coverage. The reflected 
signal is compared (mixed) with the transmit signal to determine the round trip travel time of the 
reflected signal via a frequency difference. This frequency difference is known as the IF signal. 
5 The frequency of the IF signal is proportional to the range of the object. The FMCW radar can 
detect stationary objects as well as objects with no motion relative to the originating vehicle (e.g. 
another vehicle traveling at the same speed). 

As shown in Figure 1 a first vehicle 10 is equipped with a detection system that is coupled 
to the accelerator of the vehicle.. The detection system includes a transmit antenna, a receive 

1 0 antenna, a receiver circuit and an interface to control the accelerator of the first vehicle. The 
sensor provides a zone of coverage 30. The transmit antenna of the sensor provides a Frequency 
Modulated Continuos Wave (FMCW) radar which transmits an FM signal providing the zone 
of coverage 30. Vehicle 10 is referred to as a trailing vehicle. When trailing vehicle 10 
encounters a lead vehicle 20, the FM signal provided by the transmit anterma is reflected by the 

15 lead vehicle back to the sensor of trailing vehicle 10. The reflected signal is received by the 
receive antenna and is compared with the transmit signal. The frequency difference between the 
transmit signal and the received signal is proportional to the distance between the lead vehicle 
and the trailing vehicle. By providing continuos signals, the speed of the lead vehicle with 
respect to the trailing vehicle can be determined from repeated measurements of the reflected 

2 0 signals. 

A well-known safety rale is the so-called *three second" rule. The three second rule 
states that a safe distance between a lead vehicle and a trailing vehicle is the distance that can be 
covered in three seconds traveling at the speed of the lead vehicle. This distance translates to 
approximately 198 feet at 45 miles per hour, 242 feet at 55 miles per hour and 286 feet at 65 

2 5 miles per hour. 

In a particular embodiment the three-second rule is used to determine a travel distance, 
though other rule sets could also be used.. This travel distance provides a base line distaace, but 
to provide a larger degree of safety, the travel distance is modified to take into account the weight 
of the trailing vehicle. When the trailing vehicle is large, it will take more time to stop than a 

3 0 lighter vehicle, therefore the travel distance is modified according to the weight of the trailing 

vehicle to provide a safe trailing distance. 

With the safe trailing distance determined, the sensor adjusts the accelerator of the trailing 
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vehicle to keep the safe trailing distance maintained between itself and the lead vehicle. This is 
done automatically and dynamically, so that the driver input is reduced or removed. For 
example, if the trailing vehicle were traveling on a highway and has it's cruise control set at 65 
miles per hour, and a vehicle changes lanes m front of the driver, the accelerator is dynamically 
5 controlled to permit a safe traveling distance between the trailing vehicle and the lead vehicle. 
Similarly, if a slower moving vehicle is encountered, the accelerator is controlled such that the 
faster moving trailing vehicle does not overcome the safe trailing distance. 

Referring now to Figure 2 a flow chart of the presently disclosed method is shown. An 
initial step 1 10 of the method involves inputting the weight of the vehicle which is equipped with 
1 0 the sensor (the trailing vehicle). The weight of the vehicle is used later to aid in establishing a 
desired trailing distance between the trailing vehicle and a lead vehicle. This step is only done 
initially, but can be modified if the system is installed on a different vehicle or if the vehicle is 
towing something. 

The next step 120 is to determine the speed of the lead object. As described above, the 
1 5 sensor utilizes a FMCW signal to determine the presence and relative speed of an object located 
within the zone of coverage of the sensor. The sensor will detect objects that have the same 
speed as the trailing vehicle, as well as objects that are completely stopped. 

Once the presence and relative speed of a lead vehicle has been determined, the safe 
trailing distance is calculated, as recited in step 130. The trailing distance can be determined 
20 in a number of ways, such as by using the three-second rule or other rule sets which relate a 
trailing distance to a speed of a vehicle. The trailing distance determination may also take into 
account the weight of the trailing vehicle or any other characteristics that would have an impact 
on determining a safe trailing distance. 

The next step is to dynamically adjust the accelerator of the trailing vehicle to maintain 
25 the desired safe trailing distance between the lead vehicle and the trailing vehicle. This is shown 
in step 140. The system is dynamic, in that the transmitting and receiving of the signals are 
continuous, as is the determining of a safe trailing distance and the maintaining of the safe 
trailing distance. 

While the forward looking sensor used to provide the adaptive cmise control ftmction can 
3 0 operate independently, the system may also be included as part of a near-object detection system 
(NODS). Referring now to Figure 3 and Figure 4, a near-object detection (NOD) system 210 is 
disposed on a vehicle 10 which is here shown in phantom since it is not properly a part of the 
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NOD system 210. In this particular embodiment, the near-object detection system 210 includes 
a forward-looking sensor (FLS) 216 described above, an EOS sensor 218, a plurality of side- 
looking sensor (SLS) systems 220 and a plurality of rear-looking sensor (RLS) systems 222. 
Each of the FLS, EOS, SLS, and RLS systems is coupled to a sensor processor 214. 
5 In this particular embodiment, the sensor processor 214 is shown as a central processor 

to which each of the FLS, EOS, SLS, and RLS sensors may be coupled via a bus or other means. 
It should be appreciated that in an altemate embodiment, one or more of the FLS, EOS, SLS, 
and RLS sensors may include its own processors to perform the processing described below. In 
this case, the near-object detection system would be provided as a distributed processor system. 

10 Regardless of whether the near-object detection system includes a single or multiple 

processors, the information collected by each of the sensors is shared and the processor (or 
processors in the case of a distributed system) implement a decision or rule tree. For example 
the sensor processor is coupled to the airbag system 224, the adaptive cruise control interface 
226, and the braking system 228 of the vehicle. In response to signals from one or more of the 

1 5 FLS, EOS, SLS, and RLS systems, the sensor processor may determine that it is appropriate to 
"pre-arm" the airbag of the vehicle, adjust the accelerator, or engage the braking system. Other 
examples are also possible. 

For example, the NOD system 10 may be used for a number of functions including bit 
not limited to blind spot detection, lane change detection, pre-amiing of vehicle air bags and to 

2 0 perform a lane stay function, and the above-mentioned pre-arm airbag function. 

It shoTjld be appreciated that the sensors may be removably deployed on the vehicle. That 
is, in some embodiments the sensors may be disposed external to the body of the vehicle (i.e. 
disposed on an exposed surface of the vehicle body), while in other systems the sensors may be 
embedded into bumpers or other portions of vehicle (e.g. doors, panels, quarter panels, and 

2 5 vehicle front ends, and vehicle rear ends). Its is also possible to provide a system which is both 
moimted inside the vehicle (e.g., in the bumper or other location) and which is also removable. 

Since the characteristics of a single sensor can be changed to allow the sensor to provide 
detection capabilities in coverage zones of different sizes and shapes, the sensor can also be used 
30 on a vehicle that is larger or smaller than the vehicle as shown in Fig. 3. Thus, modification of 
a coverage zone provided by a particular sensor can be accomplished by programming the sensor 
and in particular by adjusting the range gates of the sensor. 
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In one embodiment, using a reconfigurable antenna changes the coverage zone. In one 
embodiment, the reconfigurable antenna is provided by using microelectromechanical (MEMs) 
devices that are used to change beam shape and thus beam coverage. The MEMS can change the 
aperture shape and thus the shape of the beam. 

The sensor can be updated, hi one particular embodiment, a vehicle owner brings the 
vehicle to a dealership or other upgrade station and the upgrade station downloads a software 
upgrade to a programming station. The upgrade may be downloaded from the software upgrade 
area to the upgrade station via a secure wkeless local area network (LAN) or a CD-ROM mailed 
to the upgrade station or any other means for transmitting software between two points as is 
known to those of ordinary skill in the art. Once the upgrade station has the desired software 
upgrade, a vehicle owner brings the vehicle to the software upgrade station and the upgrade 
software is transmitted to the vehicle, thereby upgrading software in each of the sensors. In an 
altemate system, the software upgrade is fed via a satellite system and then transmitted directly 
from the satellite system to the vehicle. Using either technique, the software operating in the 
sensors and/or the sensor processor can be modified. 

Having described the preferred embodiments of the invention, it will now become 
apparent to one of ordinary skill in the art that other embodiments incorporating their concepts 
may be used. It is felt therefore that these embodiments should not be limited to disclosed 
embodiments but rather should be limited only by the spirit and scope of the appended claims. 
All publications and references cited herein are expressly incorporated herein by reference in 
their entirety. 

What is claimed is: 
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CLAIMS 



1 1 . A method of providing adaptive cruise control comprising the steps of: 

2 determining the speed of an object; 

3 calculating a trailing distance between a vehicle and the object; and 

4 adjusting the speed of the vehicle to maintain said trailing distance between the object and 

5 the vehicle. 



1 2. The method of claim 1 wherein said step of calculating a trailing distance comprises the 

2 steps of: 

3 determining a travel distance; and 

4 adjusting said travel distance to account for a weight of said vehicle. 

1 3. The method of claim 2 wherein said step of determining a travel distance comprises 

2 determining, from the speed of the object, the distance traveled by said object in a predetermined 

3 period of time. 



1 4. The method of claim 3 wherein said predetermined period of time comprises 

2 approximately three seconds. 

1 5. The method of claim 1 wherein said step of determining comprises the steps of : 

2 transmitting a first RF signal; 

3 receiving a second RF signal; 

4 comparing said second RF signal with said first RF signal to determine a 

5 frequency difference, wherein said frequency difference is proportional to a distance between said 

6 object and said vehicle, 

1 6. Method of clam 1 wherein said step of adjusting comprises decreasing the speed of the 

2 vehicle when a distance between the object and the vehicle is less than said trailing distance. 



1 7. The method of claim 5 wherein said second RF signal comprises a reflection of said first 

2 RF signal. 



wo 02/14098 PCT/USOl/25594 



1 8. The method of claim 5 wherein said first RF signal comprises a Frequency Modxilated 

2 Continuous Wave (FMCW) signal. 

1 9. The method of claim 1 wherein said vehicle is selected from the group comprising an 

2 automobile, a motorcycle, a truck, an aircraft, a mariae vehicle, and an agricultural vehicle. 

1 10. The method of claim 1 further comprising the step of upgrading said sensor. 

1 11. The method of claim 1 further comprising the step of changing a coverage zone provided 

2 by said sensor 



1 12. An adaptive cruise control system comprising: 

2 a sensor for providing detection coverage in a predetermined coverage zone in front of 

3 a vehicle, the sensor comprising: 

4 a transmit antenna for transmitting a first RF signal; 

5 a receive antenna for receiving a second RF signal; and 

6 a receiver circuit, coupled to said received antenna; and 

7 an interface coupling said receiver circuit to an accelerator of the vehicle, and 

8 wherein said sensor determines the speed of an object in front of the vehicle, calculates a safe 

9 trailing distance behind the object in front of said vehicle, and adjusts the accelerator of the 
1 0 vehicle to maintain said safe trailing distance. 



1 13. The adaptive cmise control system of claim 12 wherein said trailing distance comprises 

2 a travel distance which is adjusted to account for a weight of the vehicle. 

1 14. The adaptive cruise control system of claim 13 wherein said travel distance comprises the 

2 distance traveled by said object in a predetermined period of time. 

1 15. The adaptive cruise control system of claim 14 wherein said predetermined period of time 

2 comprises approximately three seconds. 
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1 16. The adaptive cruise control system of claim 12 wherein said the speed of the object is 

2 determined by comparing the second RF signal with said first RF signal to determine a frequency 

3 difference, wherein said frequency difference is proportional to a distance between said object and 

4 said vehicle. 

1 17. The adaptive cruise control system of claim 12 wherem said sensor decreases the speed 

2 of the vehicle when a distance between the vehicle and the object is less than said trailing 

3 distance. 

1 18. The adaptive cruise control system of claim 12 wherein said second RF signal comprises 

2 a reflection of said first RF signal. 

1 19. The adaptive cruise control system of claim 12 wherein said first RF signal comprises a 

2 Frequency Modulated Continuous Wave (FMCW) signal. 

1 20. The adaptive cruise control system of claim 12 wherein said vehicle is selected from the 

2 group comprising an automobile, a motorcycle, a truck, an aircraft, a marine vehicle, and an 

3 agricultural vehicle. 

1 21 . The adaptive cruise control system of claim 12 wherein said sensor is upgradeable. 

1 22. The adaptive cruise control system of claim 12 wherein said sensor is capable of 

2 providing different coverage zones. 
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(57) Abstract: In accordance with the present invention, an adaptive cruise control system includes a radio frequency (RF) transmit 
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sensor includes a sensor antenna system which comprises a transmit antenna for emitting or transmitting an RF signal and a receive 
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